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Tree species composition within, and on the margins of 
forests in areas with different burning histories was 
recorded. Stands were ordinated and classified and related 
to burning history, altitude, aspect, slope, soil pH, soil 
organic content and soil moisture content. Regularly burnt 
margins were shown to be different in both structure and 
composition to less frequently burnt or unburnt margins. 
The importance of a dense margin, containing margin 
associated species is stressed when considering the 
conservation of the forests. 
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Boom-spesiesamestelling in en op die rande van woude in 
gebiede met verskillende brandgeskiedenis is bepaal. 
Stande is georden en geklassifiseer en die verwantskap 
tussen brandgeskiedenis, hoogte bo seespieel, ligging, 
helling, grond-pH, organiese inhoud van die grond en 
grondvoginhoud, is bepaal. Daar is bewys dat die 
woudrande wat gereeld gebrand is in beide struktuur en 
spesiesamestelling verskil van die wat minder gereeld of 
glad nie gebrand is nie. Die belangrikheid van 'n digte rand 
wat uit rand-geassosieerde spesies bestaan, vir die 
bewaring van woude is beklemtoon . 
S.-Afr. Tydskr. Plantk. 1986, 52: 60 - 66 
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Introduction 
The evergreen forests of the Afromontane belt have an inter-
rupted distribution in South Africa, stretching from the 
Drakensberg in the Transvaal through Natal to the southern 
Cape where isolated pockets are found in the Cape fold 
mountains (White 1978). Axelrod & Raven (1978) postulate 
that the Afromontane forests expanded during the tertiary 
and Van Zinderen Bakker (1978) presents evidence for more 
moist and cooler conditions in the quaternary which resulted 
in a much wider distribution of forests. 
In the Natal Drakensberg the Afromontane Podocarpus 
latifolius forests are restricted to south-facing slopes and 
protected gorges in a landscape dominated by grasslands. 
These forest patches are believed to have had a far more 
extensive distribution than they have at present (Bews 1917; 
Schelpe 1943; West 1951; Acocks 1953; Edwards 1967; Moll 
1976). The forests are generally recognized to be a climax 
vegetation type in the Afromontane belt but it is also generally 
agreed that grassland forms a fire subclimax in this region 
(Killick 1963). Although fire has always been considered a 
factor affecting the vegetation, in more recent years man has 
caused the fire regime to change. Fires are now far more 
frequent and occur more often in the winter months (Nanni 
1969; Mentis et at. 1974). This has resulted in a reduction of 
the forested areas with an associated increase in grassland 
(Moll 1972). 
In the Royal Natal National Park (RNNP) a programme 
of biennial autumn and spring burns is followed (Stewart 
1969; Scotcher 1973). This is considerably more frequent than 
the natural fire regime when fires, mainly caused by lightning, 
occurred from October to March (Mentis et at. 1974). As the 
majority of fires now occur in the dry season when there is 
little active growth they burn more intensely and cause more 
damage to the woody vegetation. The aim of this paper is 
to investigate the effects of the present burning programme 
on some of the forest patches within the RNNP. It forms 
part of a larger study on forests of the RNNP (Everard 1983). 
Study Area 
The RNNP is situated in the northern Natal Drakensberg 
approximately 40 km northwest of Bergville (Figure 1). Forest 
patches occur at an altitude of between 1 000 and 2 000 m, 
mainly on steep south-facing scree slopes below the Clarens 
sandstone cliffs, in kloofs and along stream banks. They are 
found in those regions where conditions are sufficiently mesic 
and where they are adequately protected from strong winds 
and to a certain extent, fire . Podocarpus latifolius is dominant 
in the tree layer, other common species being Scolopia 
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Figure 1 Map of the Royal Natal National Park showing the locations of the forest patches and sample quadrats. 
mundii, Rapanea melanophloeos, Podocarpus falcatus, 
May tenus peduncularis, Kiggelaria africana, Calodendrum 
capense, Celtis africana and along the streams, lIex mitis is 
common. The shrub layer is dominated by Diospyros whyteana 
with Carissa bispinosa, Clausena anisata, Cassino psis ilicifolia, 
Cryptocarya woodii, Canthium ciliatum and Scutia myrtina 
occurring less frequently. 
Methods 
Sampling 
A 1 :20 000 map of the RNNP was used to locate and identify 
the major forest patches which were selected for study 
according to aspect and accessability (Figure 1). Studies by 
Killick (1963) indicated that 100 m2 quadrats were adequate 
for sampling the tree layer and therefore 20 x 5 m quadrats 
were laid out down slopes within forest patches and lengthwise 
through forest margins. The margins were selected according 
to the frequency and intensity of burning. Margins were 
designated as exposed if they were burnt along with the sur-
rounding grasslands, or protected if they were in localities that 
showed little or no sign of fire damage. 
Twenty quadrats were sampled in nine forest patches (A - I), 
seven quadrats were in the forest margins, four unburnt and 
three burnt. The number of quadrats per forest patch 
depended on the size of the forest (Table 1). The following 
variables were recorded for each quadrat: 
(1) The exact location within the forest patch; 
(2) altitude; 
(3) aspect; 
(4) gradient and 
(5) topographical features within the forest. 
Table 1 Distribution of quadrats within the various 
forest patches. Unburnt and burnt forest margin 
quadrats are identified from those in the interior of the 
forest 
Sampling region (quadrat numbers) 
Interior of Unburnt forest Burnt forest 
Forest patch forest patch margin margin 
A 1,2, 3 4 
B 5 
C 6 7 
D 8 
E 9 10 
F II, 12, 13 
G 14 15 
H 17, 18 16, 19 
20 
All the woody species were recorded in the quadrats and 
the following features of each tree were measured: height, 
diameter at breast height (mm) and canopy cover (m2). Two 
soil samples were collected from the first 10 cm after the litter 
layer had been removed in the centre of each quadrat. 
Data analysis 
As some seedlings proved to be extremely difficult to identify, 
data analyses were confined to all plants more than 10 cm 
high. Multivariate analyses were carried out on the data, 
ordination being achieved using detrended correspondence 
analysis (DECORANA), an eiginvector ordination technique 
based on reciprocal averaging (Hill 1979a; Gauch 1982). The 
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Table 2 A phytosociological table showing the classification of the forest quadrats using 
TWINSPAN. Columns represent quadrats and the rows represent species. The values give the 
category of abundance for the species in that particular quadrat as indicated in the key below 
Community no. 2 3 4 
Quadrat no. 7 10 15 20 19 9 13 14 4 16 2 6 8 11 12 18 3 5 17 
Margin associated species 
Frequent species 
Myrsine africana 5 5 5 5 5 3 5 4 
Halleria lucida 3 4 3 2 2 1 1 2 
Rhus dentata 1 1 
Rhamnus prinoides 4 2 
Leucosidia sericea 1 2 2 
Rhus tomentosa 2 3 1 3 
Buddleja salviifolia 1 4 2 3 2 
Greyia sutherlandii 
Acokanthera oblongifolia 
Infrequent species 
Trimeria trinervis 2 3 
Olea europaea subsp. africana 1 
Ekebergia capensis 2 
Cryptocarya mirtifolia 4 
Myrica pilulifera 
Burchellia bubalina 
Species common to communities 
1 and 2 
Scutia myrtina 2 2 5 2 2 
Rapanea melanophloeos 5 2 5 3 5 4 4 2 3 3 2 
Cassinopsis ilicifolia 5 5 5 3 5 3 5 5 3 3 4 3 
May tenus undata 5 2 2 
Euclea crispa 3 4 5 3 4 3 2 4 3 
Species common to communities 
3 and 4 
Calodendrum capense 
Celtis africana 2 2 
Pterocelastrus echinatus 
. Heteromorpha arborescens 
Canthium mundianum 1 3 
May tenus peduncularis 3 
Community 4 - differential species 
Kiggelaria africana 2 1 3 
Podocarpus henkelii 2 2 
flex mitis 2 1 2 1 
Cryptocarya woodii 2 2 5 3 2 2 
Common widespread species 
Podocarpus latifolius 4 2 5 5 4 5 5 5 5 5 5 2 4 2 4 3 2 5 5 
Carissa bispinosa 5 5 4 5 5 5 4 5 3 5 3 5 5 5 5 5 1 4 4 
Diospyros whyteana 5 4 5 5 5 5 5 5 3 5 4 4 5 5 5 5 2 4 2 5 
Clausena anisata 5 5 3 4 5 5 5 5 3 3 4 5 4 3 1 . 2 5 
Canthium cilia tum 4 4 1 5 3 4 3 2 2 1 2 3 4 4 1 3 
Scolupia mundii 5 5 5 5 5 5 4 5 4 5 5 3 3 3 3 3 
Additional species 
Canthium pauciflorum 2 4 4 2 4 2 2 
Clutia pulchella 4 5 3 
Pittosporum viridiflorum 2 1 2 
May tenus acuminata 2 
May tenus mossambicensis 3 2 2 2 1 
Podocarpus falcatus 4 2 1 
Olinia · emarginata 2 2 1 1 
Scolopia zeyheri 3 3 
Pterocelastrus rostratus 4 3 2 2 2 
May tenus heterophylla 1 2 
Trimeria grandifolia 5 5 3 2 4 4 5 3 
Key 
Abundance 
1: 0 ~ IOJo 3: 5-9% 5: 20-100% 
2: 2-4% 4: 10-19% 
end product is a two-dimensional scatter diagram with similar indicator species analysis (TWINSP AN) , a polythetic divisive 
samples located together and dissimilar entities far apart. technique (Hill 1979b; Gauch 1982). The data are flrst 
Environmental gradients are usually associated with the axes. ordinated by reciprocal averaging, axis extremes being 
Classiflcation of the samples was achieved using two-way emphasized in order to polarize the samples which are then 
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Figure 2 Dendrogram produced from TWINSPAN of 20 quadrats with the environmental factors and the results of the soil analysis for the 
quadrats. The codes at the division levels represent indicator species, the value indicating the abundance category of that species in all quadrats 
on the same side of the division. A list of taxa that are represented by the codes appears in Table 3. Locations are shown in Figure I. The codes 
for the features are as follows: UM - un burnt margin ; BM - burnt margin; R - within close proximity of a river or stream; TS - within 
close proximity of cliffs and on scree. 
divided into two clusters by breaking the ordination axis near 
its middle. The sample division is refmed by a reclassification 
using species with maximum value for indicating the poles 
of the ordination axis. The division process is then repeated 
on the two sample subsets until no further subdivision can 
be achieved. 
The soil samples were analysed for moisture content, 
organic content and pH using standard procedures (Allen 
1974). 
Results 
Table 1 shows the distribution of the quadrats within the 
various forest patches and identifies those quadrats that were 
sampled through burnt and unburnt margins. The results of 
the classification are presented in the form of a two-way 
phytosociological table (Table 2). Four communities are 
identified to which no single environmental factor can be 
associated to explain the grouping. It does, however, reveal 
that the unburnt margin quadrats (Community 1) do have 
definite margin associated species. A dendrogram (Figure 2) 
was constructed to illustrate this classification which includes 
the results of the soil analysis and the measured environmental 
factors, although the grouping of the quadrats carmot be 
explained by these factors . A more thorough and intensive 
study would be required to identify those factors responsible 
for the grouping of quadrats and species in this hierarchy. 
This study has demonstrated that margins of forests that are 
exposed to frequent fires carmot be grouped with unburnt 
forest margins because they do not have the usual margin 
associated community of woody species. This indicates a 
change in species composition along forest margins as a 
consequence of fire . A list of the woody species recorded in 
the quadrats with species codes used in Figure 2 is given in 
Table 3. 
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Table 3 List of all the woody species recorded in the quadrats and species codes appearing on the dendrogram 
Podocarpaceae 
Podocarpus falcatus (Thunb.) R. Br. ex Mirb. 
P. henkelii Stapf ex Dallim & Jacks. 
P. latifolius (Thunb.) R. Br. ex Mirb. 
Myricaceae 
Myrica pilulifera Rendle 
Ulmaceae 
Celtis africana Burm. f. 
Lauraceae 
Cryptocarya myrtifolia Stapf 
C. woodii Engl. 
Pittosporaceae 
Pittosporum viridiflorum Sims 
Rosaceae 
Leucosidea sericea Eekl. & Zeyh . 
Rutaceae 
Calodendrum capense (L.f.) Thunb. 
Clausena anisata (Willd.) Hook . f. ex Benth . 
Meliaceae 
Ekebergia capensis Sparrm. 
Euphorbiaceae 
Clutia pulchella L. 
Anacardiaceae 
Rhus den/ata Thunb. 
R. tomentosa L. 
Aquifoliaceae 
Jlex mitis (L.) Radlk. 
Celastraceae 
May tenus acuminata (L.f.) Loes. 
M. heterophylla (Eekl. & Zeyh.) N. Robson 
M . mossambicensis (Klotzseh) Blakeloek 
M. peduncularis (Sond.) Loes. 
M. undata (Thunb.) Blakeloek 
Pterocelastrus echinatus N.E. Br. 
P. rostralUs (Thunb.) Walp. 
Code 
Podo ful 
Podo hen 
Po do lat 
Myri pil 
Celt afr 
Cryp myr 
Cryp woo 
Pitt vir 
Leue ser 
Calo cap 
Clau ani 
Ekeb cap 
Clut spp 
Rhus den 
Rhus tor 
!lex mit 
Mayt ace 
Mayt het 
Mayt mos 
. Mayt ped 
Mayt und 
Pter eeh 
Pter ros 
A scatter diagram was plotted for axes 1 and 2 from the 
results of the ordination (Figure 3). As most of the variation 
is shown by axes 1 and 2, it is not necessary to plot axis 3 
and 4 (Gauch, pers. comm.). The axes represent independent 
ecological gradients, quadrats being arranged along these 
gradients, those with similar attributes being dispersed in the 
same direction. No clear ecological gradients could be related 
to the environmental factors that were measured but this 
ordination does show that unburnt margins (quadrats 10, 15 
and 20) are similar in species composition and consequently 
are found closer together in the diagram. It also shows that 
at least two of the quadrats from burnt margins (4 and 16) 
are more similar to non-margin quadrats in species com-
position than they are to unburnt margins. These marginal 
quadrats therefore do not have the normal margin associated 
species, and these forest patches (A and H) could be regarded 
as not having a normal forest margin along some of their 
edges. 
Discussion 
The identification of the margin associated species (Table 2) 
in quadrats 7, 10, 15 and 20, all unburnt margins (Table 1) 
and the lack of most of these species in quadrats 4 and 16 
and to a lesser extent in quadrat 19, all margins which 
experience regular burning, suggests that regular fires have 
played a role in changing the strucure and dynamics of the 
Icacinaceae 
Cassinopsis ilicifolia (Hoehst.) Kuntze 
Greyiaceae 
Greyia sutherlandii Hook. & Harv. 
Rhamnaceae 
Scutia myrtina (Burm. f.) Kurz. 
Rhamnus prinoides L'Herit 
Flacourtiaceae 
Kiggelaria a/ricana L. 
Scolopia rmmdii (Eekl. & Zeyh.) Warb. 
S. zeyheri (Nees) Harv. 
Trimeria grandifolia (Hoehst.) Warb. 
T. trinervis Harv. 
Oliniaceae 
Olinia emarginala Burtt Davy 
Apiaceae 
Code 
Cass iIi 
Grey sut 
Seut myr 
Rham pri 
Kigg afr 
Seol mun 
Seol zey 
Trim gra 
Trim tri 
Olin ema 
Heleromorpha arborescens (Spring.) Cham. & Sehlechtd. Hete arb 
Myrsinaceae 
Myrsine africana L. 
Rapanea me/anophloeos (L.) Mez. 
Ebenaceae 
Euclea crispa (Thunb.) Guerke 
Diospyros whyteana (Hiern) F. White 
Oleaceae 
Olea europaea L. subsp. africana (Mill .) P.S. Green 
Loganiaceae 
Budd/eja sa/vii/olia (L.) Lam. 
Apocynaceae 
Acokanthera oblongifolia (Hoehst.) Codd 
Carissa bispinosa (L.) Desf. ex Brenan 
Halleria lucida L. 
Rubiaceae 
Burchellia bubalina (L.f.) Sims 
Canthium ciliatum (Klotzseh) Kuntze 
C. mundianum Cham. & Sehleehtd. 
C. pauciflorum (Klotzseh) Kuntze 
Myra afr 
Rapa mel 
Eucl eri 
Dyos why 
Olea eur 
Budd sal 
Aeok obI 
Carr bis 
Hale luc 
Bure bub 
Cant cil 
Cant mun 
Cant pau 
forest margin communities. This substantiates the observation 
that many of the forests of which the surrounds are subjected 
to regular fires have very abrupt margins (Granger 1984) 
(Figure 4). The function of the thicket-like margin com-
munities is generally regarded to protect the forest interior 
from the penetration of fire and the drying effects of winds 
(Phillips 1974). The margin communities effectively seal off 
the edges of the forest and being evergreen they do not burn 
readily, thus preventing fires from penetrating the forests. 
Granger (1984) points out that fires have a modifying effect 
on the overall structure of the marginal communities, plants 
becoming more bushy as a result of lateral coppicing, and 
that the effective functioning of the margin in protecting the 
forest interior from fire depends on their adaptive response 
to fires. This study has shown that some of the forest patches 
in the RNNP have no margin communities at all as these 
species are mostly absent (Table 2). The effect this has on 
the forest patches is unknown and warrants further investiga-
tion. The author's observations at sites in the RNNP suggest 
that some of the forests are retreating. The burnt remains of 
woody plants and trees were photographed on certain scree 
slopes below forest margins (Figure 5) at Sigubudu forest (H) 
and a small forest patch as indicated by the arrow in Figure 1. 
It is possible that the frequent fires, used to manage the sur-
rounding grasslands, do not allow the forest margins at A 
and H (Figure 1) enough time to recover sufficiently and in 
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AXIS 1 
Figure 3 Scatter diagram produced from DECORANA of 20 quadrats . • - non-margin quadrats; • - burnt margin quadrats ; .. - unburnt 
margin quadrats. 
Figure 4 Sigubudu forest margin (H) exposed to frequent fires . Note 
the abruptness of the margin. 
Figure 5 A remnant forest patch (1) which shows recent contraction. 
Figure 6 The forest margin of Lower Fairy Glen (I) which has had 
fire excluded from entering it for a number of years . 
this way are progressively eliminated. 
The total exclusion of fire from a margin of the Lower 
Fairy Glen forest patch (I - Figure 1) has led to the develop-
ment of a dense scrub (Figure 6) and it is hoped that this will 
ultimately succeed to forest. This succession of woody species 
has been noted in the Natal Drakensberg by Killick (1963), 
Edwards (1967) and Granger (1984). The results also show 
that the burnt margins (quadrats 4, 16 & 19 - Figure 2) have 
a markedly lower soil moisture content than the unburnt 
margins have (a mean of 14,3 compared with a mean of 21,7), 
suggesting that drying-out does occur when the margin com-
munities are not present. Other soil factors do not show any 
marked relationships to margin types. 
Although much research has been conducted on the burning 
of the grasslands in the Drakensberg «Mentis et al. 1974; 
Scotcher 1973; Stewart 1969), very little is known about the 
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. effects of various burning programmes on the forest patches. 
Evidence from this paper suggests that some of the forest 
patches are being detrimentally affected, and are contracting. 
Research on the high frequency of fires burning up to the 
edges of forest patches is required, and possibly a conservation 
strategy designed specifically for forest protection needs to 
be formulated. Moll (1972) reaches the conclusion that the 
best method of conserving forests is that of active management 
and possibly more active management of the various forest 
patches in the RNNP is required. 
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